ABSTRACT -The objective of this work was to evaluate, in bovines, the intake and apparent digestibility of nutrients, ingestive behaviour and content of total digestible nutrients (TDN) of diets based on sugar cane treated with calcium hydroxide.
Introduction
Sugar cane is a source of roughage in animal feeding. It presents high production per unit of cultivated area, relatively easy cultivation and low cost of production per hectare, better quality and a high DM yield in periods when forage is scarce.
Poor quality roughage is an important source of nutrients which is utilized in ruminant feeding, mainly in under developed countries. The digestibility and intake are the two principal components which determine the feed nutritional value. When high quality diets are provided, the intake of the animal is determined by the energy demand (Ítavo et al., 2002) . However, when low-quality diets are provided, the animals intake is at a level that corresponds to the capacity to fill the gastrintestinal tract.
According to Mertens (1993) , ruminant digestion is a complex process that involves interactions of microbial population, animal and diet. An alternative for improving the use of sugar cane would be the developing treatments that promote the disruption of the structure of fiber to make it more digestible.
Recently, studies with calcium oxide (Moraes et al., 2008) have pointed out that the hydrolytic treatment did not improve nutrient intake and digestibility of sugar cane for bovines.
Alkaline agents act by turning hemicellulose partly soluble. The phenomenon known as a tumefacient alkaline of cellulose occurs, resulting in cellulose molecule expansion, which causes the rupture of hydrogen bonds, giving the crystallinity of cellulose (Jackson, 1977) , which increases the digestion of this hemicellulose. Klopfenstein (1980) reports that the lignin content is not usually modified by chemical treatment, but the action of this treatment leads to an increased rate of fiber digestion.
Understanding animal behavior is fundamental for the development and success of management practices. Other factors that need to be considered are behavioral activities, diet and production system, all of them influencing animal performance (Souza et al., 2007) .
In this context, the objective of this work was to evaluate the intake on the apparent digestibility and ingestive behavior of bovines fed diets based on sugar cane treated with calcium hydroxide.
Material and Methods
The work was conducted at the Fazenda Escola São Vicente da Universidade Católica Dom Bosco -UCDB, in Campo Grande, Mato Grosso do Sul, from September to December, 2007. A forage harvester was used to harvest and to chop sugar cane, which was harvested 14 months after the last cut and chopped into 4-mm pieces.
Four crossbred cows (Angus × Nellore) fitted with rumen cannula and with an average body weight (BW) of 412.06 ± 37.3 kg were confined in individual stalls with a concrete area covering 5 m 2 with roof, provided with concrete feeders and drinkers. The cows were fed once daily at 8 a.m., to keep the leftovers that were supplied around 5-10%. The quantity of sugar cane, concentrate and remains were all recorded daily.
The animals were distributed into a Latin square (4 × 4) design with four doses of calcium hydroxide (Ca(OH) 2 ) (hydrated lime -CH I) and four experimental periods of 21 days, 14 days for animal adaptation to the diets and seven days for data collection. The animals underwent a pre-trial period of 30 days before the start of the experimental phase, to adapt to the diet and management. The animals were weighed at the beginning and end of each experimental period. hydroxide mixed to the sugar cane before being mixed in concentrate and then supplied to the animals.
Sugar cane was provided after being cut and doses of calcium hydroxide in powder form were added, without diluting with water, according to the treatment, until completely homogenized. Then, roughage was mixed with concentrate and given to the animals (Table 1) . Proportion roughage:concentrate of diets (Table 2) was 65:35 on dry matter (DM) basis.
Samples of sugar cane, concentrate and feed leftovers from each animal were collected daily. Composite samples were made per period. Samples of each period were ovendried (55ºC, 72 hours) and grounded to pass through a 1-mm mesh sieve.
Sugar cane samples with and without calcium hydroxide, concentrate, feces and leftovers were composed proportionately to each animal and contents of dry matter (DM), mineral matter (MM) , crude protein (CP), ether extract (EE), neutral detergent fiber (NDF) and acid detergent fiber (ADF) were analized as described by Silva & Queiroz (2002 Non-fiber carbohydrates (NFC) were calculated by using the equation as recommended by Sniffen et al. (1992) : NFC = 100 -(% CP +% EE +% MM% + NDF), in which NFC = nonfibrous carbohydrates; CP = crude protein; EE = ether extract; MM = mineral mixture; NDF = neutral detergent fiber.
When it was tested for apparent digestibility, total fecal collection was conducted during three consecutive days of each experimental period, following the recommendation of Assis et al. (2004) . To calculate digestibility (CD), the formula CD = ((intake -excreted) / intake) × 100 was used. The total digestible nutrients (TDN) of diets were determined by Sniffen et al. (1992) .
The behavioral assessments were performed in each period, for four periods, in sessions of 24 hours consecutively, starting at 8 a.m., with the feeding of animals, providing fresh feed daily. The collection of quantitative data on the basic patterns of ingestive behavior of cattle, was based on sampling instantaneous scan or rummage (instantaneous scan sampling of behavior status), according to Altmann (1974) and Martin & Bateson (1993) .
To evaluate ingestive behavior, scanning was carried out every five minutes (Penati et al., 1999) . Scanning was performed continuously throughout the period of the animal daily activity during 24 hours. During observation, animal activity was recorded on a spreadsheet implemented manually. These observations considered the behavioral activities of feed intake, leisure, rumination and drinking water.
Variables were evaluated by analysis of variance and regression (UFV, 2000) using a 10% of the probability level for significance.
Results and Discussion
It was observed that after mixing, doses of calcium hydroxide with fresh sugar cane, the color changed to a yellowish appearance and the odor of the treated sugar cane was altered after being mixed with the alkali agent. A reduction of infestation of bees in feeds treated with calcium hydroxide was also noted. Infestation of bees in the feeds is common in properties that use sugar cane as a source of roughage during the dry season, for supplement or feedlot of bovines, which probably might shorten the feeding time and consequently the nutrient intake of animals.
The quadratic effect for the dose of calcium hydroxide regarding the intake of nutrients (P<0.10) except for the intake of lignin and ash (P>0.10) showed a linear effect (Table 3 ). The inclusion of calcium hydroxide in sugar cane influenced dry matter intake, and by deriving the regression equation adjusted for the dose of calcium hydroxide, it was obtained maximum DM intake of 7.88 kg/day with 14.99 g of calcium hydroxide. Calcium hydroxide was mixed into the diet of the animals at feeding time.
The DM intake (DMI) may be considered low in the diets studied, but this was likely due to the effect of filling the gastrointestinal tract because of the forage energy density, due to the low density of forage energy.
Another factor that may have influenced the quadratic response of DMI is related to calcium intake, because when calcium hydroxide is increased, the ash content increased linearly, and consequently, the calcium content increases.
Item
Calcium hydroxide (g/kg) CV (%) P Deriving the equation of regression of organic matter (Table 3) to meet the maximum intake (6,75 kg/day) of organic matter it is necessary to add 10.94 g of calcium hydroxide. This variable is important because when you increase the dose of calcium hydroxide, the ash content is increased, characterizing the effect of hydrolysis due to the influence of calcium hydroxide, increasing intake of OM. Moraes et al. (2008) reported that the application of calcium oxide in sugar cane decreased the intake of all nutrients. This loss may have been the result of a high temperature (10 g/kg rises 0.5°C/hour) of sugar cane with calcium oxide as compared to fresh cane sugar. However, the use of calcium hydroxide as an additive, avoid the internal temperature of the material rising, favoring the intake of nutrients.
It must be considered that the provision of degradable nitrogen, for the rumen microorganisms, affect DM intake. A deficiency or an excess of rumen degradable protein leads to a reduction in intake by impairing the activity of cellulolytic bacteria or generates excessive production of ammonia, respectively, with consequences on motility and ruminal fermentation. This effect can alter patterns of fermentation and the rate of the passage of fiber and consequently the rate of passage through the gastrointestinal tract. The contribution of dietary CP was 7% to maintain the functioning of the rumen by means of effective microbial growth (van Sest, 1994) .
According to Van Soest (1994), CP concentrations above 7% does not influence intake, but there is a reduction in DM intake when using diets with less than 7% CP in total DM, which was confirmed in a study conducted by Valadares et al. (1997) . These authors, using diets containing 7, 9.5, 12 and 14.5% CP in DM, observed that diets containing 7% CP had lower DMI than the others, which did not differ. Also, Ítavo et al. (2002) found that DM intake was expressed as a percentage of BW, from Nelore in the growing phase, a diet containing 14% CP was 9.17% lower than the intake recorded for the diet with 17% CP.
Doses of calcium hydroxide affected (P<0.10) NDF intake (Table 4) , and they were below the average described by Mertens (1992) , which is 1.2% of BW. Average for the NDF intake was 0.75% BW. Three cows were in the middle of pregnancy during the experiment. At this stage of pregnancy, usually in bovines, intake is controlled by physical mechanisms, because of the increased fetal growth by decreasing the rumen which compresses the space for food intake, which may influence the DM and NDF, and because the NDF content of the sugar cane, it was caused by reduced intake, due to rumen fill.
The maximum level for NDF intake (3.33 kg/day) with 3.93 g calcium hydroxide was obtained. This dose increased the DM and OM, reflecting in NDF intake, characterizing the effect of hydrolysis provided by calcium hydroxide.
The increased dose of calcium hydroxide was effective for the ADF content (Table 2) . It is related to the effect of hydrolysis of calcium hydroxide in the fiber of sugar cane, characterizing the partial soluble of hemicellulose, consisting of expansion of the cellulose molecules, causing a rupture of hydrogen bonds. The maximum found by deriving the regression equation of ADF intake was 2.12 kg/day with 10.51 g of calcium hydroxide.
There was a quadratic effect on apparent digestibility (P <0.10) of all nutrients (Table 4 ). The maximum dry matter digestibility (72.88%) occurred at 11.65 g/kg of calcium hydroxide.
Dose of 8g/kg increased by 6.84% for DM compared with dose 0 g/kg, which was consistent with Oliver et al. (2008) , who found that after three hours of treatment with hydrated lime, there was a significant difference in average in vitro dry matter digestibility , with increases of 4.78 and Sugar cane treated with calcium hydroxide in diet for cattle: intake, digestibility of nutrients and ingestive behaviour 6.47% at doses 5 and 6 g/kg of calcium hydroxide for the dose without calcium hydroxide, respectively. This demonstrates that the hydrolysis occurred sharply. Alves et al. (2001) reached increases of 8.6 and 3.3% in the digestibility of CP in the diet when sugar cane was hydrolyzed with 2 or 4% NaOH, and the diets were composed of hydrolyzed sugar cane and 2 kg concentrate/ day, similar to that used in this work. Maximum CP digestibility (62.14%) 15.98 g of calcium hydroxide was obtained, when it derived from the fitted regression equation (Table 4) . Moraes et al. (2008) found no effect of the treatment with sugar cane with 1% calcium oxide on the digestibility of nutrients. This contradicts the principle of alkaline hydrolysis, the phenomenon known as swelling of the alkali cellulose, which causes an expansion and rupture of the cellulose molecules, which would improve the utilization of the feed by the rumen microorganisms, a factor that may have occurred in this study, showing higher values in the digestibility and in the NDF intake.
Digestibility of fiber was increased (P<0.10), probably because of a hydrolysis effect on the fibrous fraction, caused by adding calcium hydroxide at the doses between 8-16 g/kg. Another important variable is the digestibility of hemicellulose, as calcium hydroxide had the highest effect, resulting in higher solubilization of hemicellulose reaching the maximum point (72.42%) and 14.77 g of calcium hydroxide was obtained.
The breaking of ester bonds between lignin and the fibrous carbohydrates, due to the pH increase, by alkaline hydrolysis, allows a greater action of microbial enzymes, resulting in disruption of cell wall structure, causing an increase in its hydration. Another effect related to the ability of calcium hydroxide is that it forms a complex with cellulose, reducing its crystallinity, through the breaking up of hydrogen bonds, increasing its fragility and providing better enzymatic digestion. The combination of these factors causes faster fragmentation of the ingested material and improves the efficiency of microbiota ruminal.
According to Klopfenstein (1980) , the lignin content is not usually modified by chemical treatment, but by doing it, rate of fiber digestion increases. The effect of lignification in digestibility of cell wall explains quantitatively the influence of total lignin in DMS. Consequently, many taxonomic variations of the quantitative relationship between lignin and digestibility can be explained by the contents of the cell wall. Contrary to Van Soest (1994) , it was highlighted the effect of alkaline products on the fiber fraction of forages of low nutritional value, and noted that the fraction of lignin can be solubilized with high concentrations of NaOH.
Maximum point showed for NDF digestibility of 12.11 g/kg of calcium hydroxide. Similarly, Oliver et al. (2008) reported that treatment with 5 g/kg of calcium oxide improved the in vitro digestibility of DM and NDF.
A significant improvement in the digestibility of sugar cane treated with calcium hydroxide was observed, emphasizing the alkaline effect on roughage acquired with this treatment, which can offer security and stability in ruminant feed.
The doses presented an effect (P<0.10) in the intake of total digestible nutrients (TDNI) ( Table 5) . The values for obtaining the maximum of the variables NDT (71.42%) and TDNI (5.71 kg/day) 10.92 g and 12.36 g, respectively. Thus, these results are in agreement with Kozloski (2002) , who cited that microbial growth is regulated by the availability of limiting nutrients or growth factors.
TDN intake may be related to the increase in OM intake, whereas the TDN is a measure that represents the summation of all the digestible nutrients in the feeds and also expresses energy, the dietary CP amount can influence the NDT intake. Mlay et al. (2003) suggested that a decrease in intake and digestibility of tropical grasses was caused by the low levels of nitrogen and availability of ammonia for cellulolytic bacteria of rumen.
The doses had no effect (P>0.10) on the time spent on feeding, as well as the activities of water intake ( assessing the total time spent on resting, the animals were subjected to a dose of 24 g/kg, showing the highest mean (P = 0.06086), accounting for 63.56% of daily activity. These animals showed a lesser average of 337.16 minutes (19.92% of daily activity). The dose with 24 g/kg showed the greatest activity of resting (P<0.10), being higher than dose 0 g/kg and equal to the doses 8 and 16 g/kg, probably because of a decrease in NDF content in the diet (Table 2) , according to increasing doses of calcium hydroxide.
The animals that received calcium hydroxide spent more time in rumination, spending about seven hours and 47 minutes with rumination activities, probably due to less digestible NDF.
Ruminants like any other species, seek to adjust feed intake to fit their nutritional needs, especially energy (Arnold, 1985) . Housed animals spent around one hour consuming energy-rich feed rich in energy, or more than six hours, with low energy-content feed. Also, the time spent with ruminating is influenced by the nature of the diet and, probably, it is proportional to the cell wall content of roughage (Van Soest, 1994) .
According to Van Soest (1994) , concentrate feed and hay are finely ground and or made into pellets because this type of feed reduces rumination time, whereas roughage with a high content of cell walls tends to increase rumination time. The increase of intake reduces rumination time. The cell wall content was influenced by calcium hydroxide, which allowed the fiber components to be more available, thus reducing the time spent in rumination, as demonstrated by the ADF and hemicellulose content ( Table 2 ).
The doses of calcium hydroxide influenced (P<0.10) the ingestive behavior of cows and time spent ruminating and resting, the time spent on feed intake was similar for all doses. However, it has to be noted that the average time spent/bolus was influenced by the dose of calcium hydroxide in the fresh sugar cane.
The time spent ruminating is longer during the night, but it is also influenced by the diet. However, there are differences among the animals, which are the length of time, the distribution of activities, eating and rumination. All of which seem to be related to the appetite of animals, anatomical differences and energy supplement requirements or and rumen fill (Souza et al., 2007) .
Rumination time is highly correlated (0.96) with NDF intake in cattle (Welch, 1982) . Albright (1993) , in experiments with cows, reported three levels of NDF in the diets (26, 30 and 34%), a quadratic effect with maximum values, the time spent in rumination and total chewing 344 and 558; 403 and 651, and 414 and 674 min/day respectively.
The number of chews per bolus (NCB) was affected by the doses (Table 7) , showing a quadratic effect (P<0.10). Fischer et al. (1997) These reports are in agreement with Fischer et al. (1997) , who observed that animals which presented a higher feed intake had fewer ruminal bolus and lower TCB. Silva et al. (2005) found a decreasing linear effect whose values were 44, 44, 43 and 37 chews per bolus at levels of 0.25%, 0.50%, 0.75% and 1.00% of supplementation of live weight of grazing heifers, when the level of supplementation of animals was raised, this reduced the fiber content in the diet and also TCB. Sugar cane without calcium hydroxide provided the highest NCB (P<0.10), whereas, when it was added to calcium hydroxide, the values of NCB were reduced. Miranda et al. (1999) evaluated the feeding behavior of dairy heifers fed diets based on sugar cane and found no difference in time spent eating, ruminating and total chewing time, in minute/day for heifers fed different sources of NPN and probiotics.
Nutritional value of forage can be improved by using calcium hydroxide which can be used based on the cost of application and economic return. Another possible factor to improve the intake and digestibility of nutrients could be carried out by increasing the concentrate in the animals diet.
Conclusions
The treatment of sugar cane with calcium hydroxide provides better intake and higher digestibility of nutrients, especially the fiber fraction. It is recommended the dose of about 12 g calcium hydroxide per kg of fresh sugar cane for bovines feed.
